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.."sEas This invention is directed to reducing the effect of shocks on 
ew York, (US) electronic device components. The electronic device compo 

nent may be surrounded by a boundary element operative to 
(73) Assignee: Apple Inc., Cupertino, CA (US) deform in response to impacts. By deforming, the boundary 

element may be operative to absorb energy received by the 
(21) Appl. No.: 12/242,907 shock or impact without passing the energy on to the elec 

1-1. tronic device component. To maximize the effectiveness of 
(22) Filed: Sep. 30, 2008 the boundary element over a range of different impacts (e.g., 

O O strong, instantaneous impacts and weak impacts over time), a 
Related U.S. Application Data Viscoelastic material may be used. The characteristic proper 

(60) Provisional application No. 61/128,669, filed on May ties of the viscoelastic material may be selected based on 
23, 2008. expected impacts to the electronic device component. 
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VISCOELASTIC MATERAL FOR SHOCK 
PROTECTION IN AN ELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority from U.S. Provi 
sional Patent Application No. 61/128,669, filed May 23, 
2008, which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to protecting electronic 
device components from shocks due to impacts on the elec 
tronic device housing. 
0003 Electronic devices are constructed using many dif 
ferent components, some of which may be fragile. For 
example, some electronic devices may include moving com 
ponents that are particularly Susceptible to damage when 
Subject to impacts. Such components may include, for 
example, hard drives (e.g., rotating discs), input mechanisms 
(e.g., Switches located inside the electronic device), or any 
other mechanical component operative to move within the 
electronic device. 
0004 To prevent damage to such components, elastic 
materials may be placed around the components to absorb at 
least a part of impacts. For example, an elastic sleeve may be 
placed around the periphery of an electronic device compo 
nent Such that the sleeve deflects upon impact, absorbing part 
of the energy transmitted to the electronic device component 
and reducing the force applied to the electronic device. 
0005 While using elastic materials (e.g., materials with 
low Young's modulus) may limit the strength of shock events 
on electronic device components, such materials are typically 
tailored to minimize a specific impact (e.g., a maximum drop 
while the component is not moving). While the material may 
prevent damage due to less significant impacts, if the compo 
nent is subject to a lesser impact while it is more Susceptible 
to damage, the elastic protection material may not be suffi 
cient (e.g., the elastic material cannot reduce the force to an 
amount less than the critical force when the component is 
more Susceptible). In addition, the amount of elastic material 
necessary to cushion an impact may be too large to be a useful 
approach in Small form-factor electronic devices. 

SUMMARY OF THE INVENTION 

0006. A system for protecting electronic device compo 
nents from impacts by using a viscoelastic material is pro 
vided. 
0007 An electronic device component may be surrounded 
on all sides by material operative to absorb a shock to the 
electronic device component. The material may be distrib 
uted around the component using any suitable criteria, includ 
ing for example based on analysis of the most likely impact 
orientations for different types of impacts (e.g., the orienta 
tion of the component when the electronic device is dropped 
from a low height, and the orientation of the component when 
the device is dropped from a larger height). 
0008. The material used to reduce shocks on the compo 
nent may be selected for its viscoelastic properties. When a 
Viscoelastic material is stressed (e.g., during an impact or 
shock event), the reaction and deformation of the material 
includes both a viscous response (e.g., the rate of deformation 
is related to the impact) and an elastic response (e.g., the 
material deforms immediately upon impact and returns to its 
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prior configuration once the effect of the impact has dissi 
pated). By carefully selecting the Viscous and elastic proper 
ties of the material, the effect of shocks to electronic device 
components may be more effectively reduced for a wide 
variety of shocks (e.g., by maximizing the deformation of the 
material for a range of shock events). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The above and other features of the present inven 
tion, its nature and various advantages will be more apparent 
upon consideration of the following detailed description, 
taken in conjunction with the accompanying drawings in 
which: 

0010 FIG. 1 is a schematic view of an electronic device 
component Surrounded by a boundary element in accordance 
with one embodiment of the invention; and 
0011 FIG. 2 is a cross-section of an illustrative boundary 
element in accordance with one embodiment of the invention. 

DETAILED DESCRIPTION 

0012 FIG. 1 is a schematic view of an electronic device 
component Surrounded by a boundary element in accordance 
with one embodiment of the invention. Electronic device 100 
may include housing 102 forming the outer cover of the 
device and component 110 placed inside the housing. In some 
embodiments, electronic device 100 may include more than 
one component 110, but for the sake of clarity, only one is 
shown in FIG. 1. 

0013 To reduce the effect of shocks on component 110, 
electronic device 100 may include boundary element 120 
(e.g., a Snubber material). Boundary element 120 may at least 
partially surround component 110 such that boundary ele 
ment 120 creates a layer (e.g., Sway space) between compo 
nent 110 and housing 102. For example, boundary element 
120 may include a shell into which component 110 may be 
placed and in which component 110 may move in at least one 
direction or dimension. When electronic device 100 is subject 
to a shock causing component 110 to be displaced toward 
housing 102 (or other components of electronic device 100), 
boundary element 120 may be operative to impact housing 
102 and deform prior to component 110 reaching housing 
102. By deforming, boundary element 120 may be operative 
to absorb energy of component 110 (e.g., kinetic energy) and 
lessen or eliminate the impact between component 110 and 
housing 102. In particular, boundary element 120 may 
deform to reduce the acceleration to which component 110 is 
subject, which in turn reduces the force to which component 
110 is subject (e.g., F=ma). 
0014 Boundary element 120 may have any suitable geom 
etry or thickness. For example, boundary element 120 may 
include a feature operative to deform to absorb an impact 
(e.g., a ridge or shell structure). Boundary element 120 may 
be placed over any suitable surface of component 110. For 
example, boundary element 120 may include a channel 
operative to receive the edges of component 110 such that 
upper, lower and side Surfaces of the component are protected 
(e.g., a U-shaped wall placed around the periphery of com 
ponent 110). The thickness of boundary element 120 may be 
selected based on physical or mechanical properties of the 
material used for boundary element 120, the geometry of 
boundary element 120 (e.g., boundary element 120 may 
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include ridges or ribs operative to crush to absorb the impact), 
the amount and direction of the impact, or any other Suitable 
criteria. 
0015. Any suitable material may be used for boundary 
element 120. In some embodiments, an elastic material may 
be used. For example, a material with a lowYoung's modulus 
(e.g., allowing extensive compressing for absorbing forces) 
may be used. When a force is applied to such a material, it 
may deform to absorb the energy and decrease the accelera 
tion of a component placed in contact with the material. The 
lower the Young's modulus (e.g., the more elastic or spring 
like) the material, however, the more material may be needed 
to deform to absorb the force. This may in turn require larger 
spaces to absorb force, and increase the size of the electronic 
device housing. 
0016. In some embodiments, a material that exhibits both 
elastic and Viscous properties may be used. One type of 
material that exhibits both elastic and viscous properties is a 
Viscoelastic material. These materials may be characterized 
by a time-dependent relationship between stress and strain 
(e.g., the amount of deformation changes over time for a 
constant stress). The Viscoelastic material may have any Suit 
able relation between stress and strain rate. For example, if 
stress is linearly proportional to the stress rate, the material 
may be characterized as a linear or Newtonian material. As 
another example, if stress is not linearly proportional to the 
stress rate, the material may be characterized as a non-linear 
or non-Newtonian material. 
0017. The response of viscoelastic materials may be pre 
dicted or calculated using a number of different approaches. 
For example, for linear viscoelastic materials, strain can be 
written as the sum of a stress component (e.g., due to a 
received force) and a creep component (e.g., due to re-arrang 
ing of molecules in the material). Other Suitable approaches 
for modeling linear viscoelastic materials may include, for 
example, the Maxwell model, the Kelvin-Voigt model, the 
Standard Linear Sold model, or the Generalized Maxwell 
model. As another example, non-linear viscoelastic materials 
may be characterized by a complex dynamic modulus repre 
senting the relation between the oscillating stress and strain. 
0.018. Using a viscoelastic material for damping may pro 
vide protection for an electronic device component from dif 
ferent types of impacts. For example, the coefficients of the 
Viscoelastic material may be selected Such that the strain is 
maximized for several types of impacts. In one Such 
approach, the material may be selected Such that the strain is 
large (e.g., the material deforms significantly, thus absorbing 
a large amount of energy) for a large impact (e.g. a drop of one 
meter), while the damping is Substantial for a smaller impact 
that lasts longer (e.g., the user roughly places or pushes the 
electronic device on a hard Surface, for example when synch 
ing the electronic device with a host device). This may be 
possible by selecting a material for which the elastic proper 
ties are dominant in the large impact scenario (e.g., a large 
force applied instantaneously to the material), while the vis 
cous properties are dominant in the Small impact scenario 
(e.g., a smaller force, applied over a period of time). When 
intermediate forces are applied to the material, both the elas 
tic and Viscous responses (e.g., elastic deformation and damp 
ing of the material) may enable the material to absorb the 
impact and reduce the shock to the component. 
0019. The stiffness or coefficients of a viscoelastic mate 
rial may be selected based on a number of criteria. For 
example, given limited space available for a boundary ele 
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ment (e.g., boundary element 120), the stiffness of the mate 
rial used (e.g., the relation between stress and strain rate) may 
be selected and tailored to optimize the force absorbed (e.g., 
the amount by which acceleration is reduced) for a particular 
impact event (e.g., a drop from a particular height). Because 
the viscoelastic material may include a non-linear relation 
between stress and strain rate, the stiffness of the material 
may further be tailored to provide optimized impact protec 
tion at other impact levels. For example, a non-linear vis 
coelastic material may be tailored to provide optimized pro 
tection for drops from 1.5 meters (e.g., a user's hand during 
use), 1 meter (e.g., from a table), and 0.5 meters (e.g., when a 
user accidentally drops and catches the device). 
0020. Any suitable viscoelastic material may be used for 
boundary element 120. For example, amorphous polymers, 
semicrystalline polymers, biopolymers, bitumen material, or 
any other suitable viscoelastic material may be used. In some 
embodiments, the Viscoelastic material may be one or more of 
these, and specifically tailored to maximize the reduction of 
impacts on the electronic device component. For example, 
boundary element 120 may include a combination of vis 
coelastic or non-viscoelastic materials. FIG. 2 is a cross 
section of an illustrative boundary element in accordance 
with one embodiment of the invention. Boundary element 
200 may be coupled to the periphery of electronic device 
component 210. Boundary element 200 may include several 
layers formed by different materials. For example, boundary 
element 200 may include first layer 220, located adjacent to 
component 210, and second layer 222, placed adjacent to the 
outer surface of first layer 210. Second layer 220 may be 
placed over any suitable surface of first layer 210, including 
for example over a top, bottom or side Surface, or combina 
tions of these. In some embodiments, several different mate 
rials may be placed over different surfaces of first layer 210 to 
provide different levels of shock absorption (e.g., based on 
the geometry of the component or of the device, or on 
expected impact patterns). The materials used in boundary 
element 210 may include elastic, plastic or viscoelastic mate 
rials, or combinations of these. 
0021. The above described embodiments of the present 
invention are presented for purposes of illustration and not of 
limitation, and the present invention is limited only by the 
following claims. 

What is claimed is: 
1. A method for reducing shocks received by an electronic 

device component, comprising: 
providing an electronic device component within an elec 

tronic device housing: 
defining a shell Surrounding the electronic device compo 

nent; and 
placing a viscoelastic material in the shell. 
2. The method of claim 1, wherein the electronic device 

component is operative to move in at least one direction 
within the shell. 

3. The method of claim 1, further comprising: 
determining the impact for which protection of the com 

ponent is to be optimized; and 
selecting a viscoelastic material for which strain rate is less 

than a maximum value for the stress associated with the 
determined impact. 

4. The method of claim3, wherein the viscoelastic material 
is operative to deform in response to a force being applied to 
the electronic device. 
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5. An electronic device with shock protection for compo 
nents, comprising: 

a housing: 
at least one component placed within the housing, the at 

least one component operative to deflect in response to a 
force being applied to the housing; and 

a boundary component placed around at least a portion of 
the at least one component, the 10 boundary component 
comprising a viscoelastic material. 

6. The electronic device of claim 5, wherein the boundary 
component is positioned adjacent to the at least one compo 
nent. 

7. The electronic device of claim 6, wherein the boundary 
component is positioned Such that the at least one component 
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is operative to deflect into the boundary component in 
response to the force being applied to the housing. 

8. The electronic device of claim 5, wherein the boundary 
component is at least one of an amorphous polymer, a semi 
crystalline polymer, a biopolymer, and bitumen material. 

9. The electronic device of claim 5, wherein the relation 
ship between stress and strain rate of the boundary compo 
nent is optimized for at least two different levels of forces 
applied to the housing. 

10. The electronic device of claim 9, wherein the relation 
ship between stress and strain rate of the boundary compo 
nent is non-linear. 


